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Abstract. Loggerhead turtles (Caretta caretta) was studied over 3 summers in a 
nearshore habitat, the Patoku area in the southern part of Driniki Bay, Albania. Tissue 
samples were collected from 40 loggerhead turtles incidentally captured in stavnike 
fish-traps (a type of pond-net). A fragment of 859 base-pair mt-DNA d-loop region 
was amplified from these turtles and compared with previously described haplotypes. 
Haplotype CC-A2.1 (93%) was the dominant haplotype in the region. Two previously 
unknown haplotypes, CC-A6.1 and CC-A10.4, were described with this study. Fur-
thermore, haplotype CC-A.2.8 was also observed which was previously recorded from 
Italy. Haplotype and nucleotide diversity were 0.14615 and 0.00017, respectively.
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INTrODuCTION
During their life history, loggerhead turtles (Caretta caretta; Linnaeus 1758) generally 
experience two different ecological stages, oceanic and neritic (Bolten, 2003). The oce-
anic stage includes the time from when the hatchlings leave the nesting beach until they 
return to coastal benthic foraging habitats as juveniles (Bolten & Balazs, 1995). According 
to McClellan and read (2007), the shift from oceanic to neritic waters is ‘’complex and 
reversible’’ and therefore is not a discrete ontogenetic shift. Although these stages have 
long been studied across the distributions of loggerhead turtles, in recent decades, molec-
ular tools have become very helpful for the detection of developmental migrations (Bolten 
et al., 1998) and determination of stock compositions and in foraging and wintering areas. 
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Drini Bay in northern Albania is one of the important foraging grounds for logger-
head turtles in the Adriatic Sea (White et al., 2011). In this study, we collected tissue sam-
ples from loggerhead turtles in a nearshore habitat in the southern part of Drini Bay (Fig. 
1) to generate preliminary information about the genetic composition of the foraging pop-
ulation. This is the first genetic characterization study in this area using a fragment of the 
D-loop mtDNA.
MATErIAL AND METHODS
Sea turtles were studied over three summers (2008-2010) by MEDASSET (Mediterranean 
Association to Save the Sea Turtles). DNA samples were collected in 2009-2010 from 40 loggerhead 
turtles in a nearshore habitat, the Patoku area in the southern part of Drini Bay (Fig. 1). Nearly all 
turtles (99%) were incidentally captured in ‘stavnike’ fish-traps (a type of pound-net), and subse-
quently measured and tagged. It was only possible to collect biopsies from a small number of cap-
tured turtles due to limited research funds. Preference was given to larger turtles, as there may be a 
Fig. 1. The map showing the study area
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better chance that their DNA matches existing haplotypic information obtained from nesting beach-
es (Encalada et al., 1998; Laurent et al., 1998; Carreras et al., 2007; Garafalo et al., 2009; Yılmaz et 
al., 2011). All haplotypic data on loggerhead and green turtles are housed in the Archie Carr Centre 
for Sea Turtle research database (http://accstr.ufl.edu/). In this database there two forms of haplo-
typic data occurs, shorter (380bp) and longer (over 800bp). The longer haplotypes named according 
to their similarity to shorter haplotypes till 380 bp. If the longer form is identical to shorter hap-
lotypes until 380 bp and differ after it these longer haplotypes are called as the variants of shorter 
haplotypes. Bowen et al. (2004) stated that nesting populations contribute more to neighbouring 
mixed stocks than to more distant mixed stocks. The Mediterranean region, therefore, is the possible 
source of turtles foraging in Drini Bay. We therefore compared our results with other shorter d-loop 
sequences available for this species for the Mediterranean (Encalada et al., 1998; Laurent et al., 1998; 
Carreras et al., 2007; Garafalo et al., 2009; Yılmaz et al., 2011).
Adult and juvenile males were also included in the sampled animals because they represent a 
significant portion of this foraging population (White et al., 2011). Laparoscopy or hormonal analy-
sis was unavailable, so sex was determined by using CCL (curved carapace length) measurements 
and tail morphology. Adult males have a greatly extended tail enabling copulation to occur while 
juvenile males show signs of caudal development the tail widening proximally and extending distally 
(M. White pers. com. 2012). The minimum CCL for adults was selected as being 70.0 cm although 
two adult males were slightly smaller than this (White, unpublished data). Short-tailed turtles with 
a CCL greater than 70.0 cm were assumed to be adult females. Sex of the smaller short-tailed turtles 
could not be determined, as these could be juveniles of either sex.
Tissue samples were taken from the axillary region near the anterior limbs. The sampling site 
was wiped with antiseptic (Betadine) prior to excision with a scalpel blade of a small section of skin 
(1 mm2). The sample was then placed into a tube with 96% ethanol, which was changed after 10 days. 
Morphometric data (CCL and CCW, Curved Carapace Length and Width, respectively) were 
also collected from all captured turtles following Bolten (1999). Date of capture and the sex of sam-
pled turtles were also recorded. 
Lab work
Isolation of genomic DNA was carried out using the phenol-chloroform method (Hillis et 
al., 1996). A fragment of 859 base-pair (bp) of the mtDNA d-loop region was amplified by poly-
merase chain reaction (PCr Mastercycler Personnel, Eppendorf, Germany) using the primer pair 
LCM15382 and H950 (Abreu-Grobois et al., 2006). The PCr protocol was carried out over 35 cycles 
at 94 oC for 30 seconds, 55 oC for 1 min and 72 oC for 1 min. PCr products were visualized in aga-
rose gel and purified with the GenElute PCr Clean-up Kit, (Sigma, Germany). Purified PCr prod-
ucts were sequenced in both forward and reverse directions using a 3730xl capillary system auto-
matic sequencer (Macrogen Inc., S. Korea). Sequences were aligned by eye using the programme 
BioEdit ver 7.0.9 (Hall, 1999) and compared with previously described haplotypes recorded in the 
Archie Carr Centre for Sea Turtle research database (http://accstr.ufl.edu/). In addition, previous 
data from other sites in the Mediterranean were also included for a general assessment of Mediter-
ranean populations. 
rESuLTS
The mean CCL of the sampled turtles was 68.8 cm (SD = ± 10.3 cm; range = 32.0-
84.5 cm; n = 40). Haplotype CC-A2.1 (93%) was the dominant haplotype obtained in the 
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Table 1. Data on the loggerhead turtles captured at Patoku region of Albania (novel haplotypes are in 
bold). 
Date CCL CCW Sex Tag Haplotype
7/22/09 72.0 67.0 Adult Male AL0112 CC-A2.1
7/22/09 61.0 56.0 undetermined AL0113 CC-A2.1
7/22/09 57.0 53.0 undetermined AL0114 CC-A2.1
7/22/09 64.0 58.5 undetermined AL0115 CC-A2.1
7/23/09 82.0 72.0 Adult Male AL0116 CC-A2.1
7/24/09 58.0 53.5 juvenile male AL0117 CC-A2.1
7/24/09 67.0 64.0 undetermined AL0118 CC-A2.1
7/28/09 32.0 30.0 undetermined No tag CC-A2.1
7/29/09 55.5 51.0 undetermined AL0119 CC-A2.1
7/29/09 65.0 64.0 juvenile male AL0120 CC-A2.1
7/29/09 72.0 64.0 juvenile male AL0121 CC-A2.1
7/29/09 64.5 58.0 undetermined AL0122 CC-A2.1
7/30/09 59.0 59.0 undetermined AL0123 CC-A2.1
7/31/09 70.0 68.0 Adult Female AL0124 CC-A2.1
7/31/09 66.5 62.0 juvenile male AL0125 CC-A2.1
7/31/09 72.0 66.0 Adult Female AL0126 CC-A2.1
7/31/09 74.0 69.0 Adult Female AL0127 CC-A2.1
7/31/09 74.5 71.0 juvenile  male AL0128 CC-A2.1
8/1/09 73.0 67.5 Adult Female AL0129 CC-A2.1
8/1/09 68.0 61.5 juvenile male AL0130 CC-A2.1
8/1/09 70.0 64.0 juvenile male AL0131 CC-A2.1
8/2/09 47.5 43.5 undetermined AL0132 CC-A2.1
8/2/09 65.5 59.0 Undetermined AL0133 CC-A6.1
8/2/09 74.5 70.5 Adult Male AL0134 CC-A2.1
8/3/09 72.0 69.5 juvenile male AL0136 CC-A10.4
8/4/09 76.5 72.0 Adult Female AL0137 CC-A2.1
8/4/09 68.0 64.0 juvenile male AL0138 CC-A2.1
8/5/09 73.0 64.5 Adult Male AL0140 CC-A2.1
6/23/10 84.0 78.0 Adult Female AL0204 CC-A2.1
6/23/10 84.5 77.0 Adult Male AL0222 CC-A2.1
6/30/10 83.0 75.0 Adult Female AL0228 CC-A2.8
6/28/10 73.0 70.0 juvenile  male AL0229 CC-A2.1
6/28/10 70.5 65.0 juvenile  male AL0230 CC-A2.1
6/28/10 66.0 61.0 juvenile  male AL0231 CC-A2.1
6/28/10 73.5 65.0 Adult Male AL0233 CC-A2.1
7/14/10 76.0 68.0 Adult Female AL0245 CC-A2.1
7/14/10 82.0 72.0 Adult Male AL0246 CC-A2.1
7/17/10 55.5 52.0 undetermined AL0254 CC-A2.1
7/30/10 70.0 65.0 Adult Female AL0274 CC-A2.1
7/30/10 78.0 74.5 Adult Female AL0278 CC-A2.1
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region sampled for this study (Table 1). However, two previously unknown haplotypes 
(according to the Archie Carr database mentioned above) were also found (CC-A6.1 
and CC-A10.4; Genbank accession numbers JQ350705 and JQ350706, respectively). The 
last observed haplotype, CC-A.2.8 was first identified from a juvenile stranded in Puglia 
(South Adriatic Sea, Italy) in May 2008 (Garafalo, 2010). Haplotype and nucleotide diver-
sity were 0.14615 and 0.00017, respectively. 
DISCuSSION
The haplotype with the highest frequency at the study site was CC-A2.1, which 
is not surprising since it is a variant of the short haplotype CC-A2; the most common 
loggerhead haplotype in the Mediterranean (Table 2). The short forms of novel haplo-
types CC-A6.1 and CC-A10.4 are variants of CC-A6 and CC-A10; which have only been 
recorded from Greek islands and Greece (Table 2). Thus, it is probable that the logger-
heads in Drini Bay mainly originate from nesting populations in Greece. The female 
tagged at Patoku (tag # AL0127) that nested at Sekania (Margaritoulis, pers. com.), Zakyn-
thos, in July 2011, supports this possibility. Furthermore, Lazar et al. (2004) reported log-
gerheads in Croatian waters, in the north of Albania, that had been tagged while nest-
ing at Zakynthos, Greece. In another study, the foraging grounds off the coasts of west-
ern Mediterranean have been shown to be inhabited mainly by turtles from the eastern 
Mediterranean (Carreras et al., 2006). Moreover, that study revealed a difference in genetic 
structure between northern African and western Mediterranean stocks that could be 
explained by prevailing ocean currents and water masses. 
In conclusion, the new haplotypes of this study are coming from an unsampled nest-
ing site. However, the current findings suggest that the source population of loggerhead 
turtles foraging in Drini Bay is most likely from Greece based on the information that 
nesting populations contribute more to neighbouring mixed stocks than to more distant 
mixed stocks (Bowen et al., 2004), but the sample size must be increased in order to carry 
out mixed stock analysis and evaluate the contribution of multiple nesting colonies to this 
foraging ground.
ACKNOWLEDGEMENTS
This study was carried out by permission from Ministry of Environment, Forests and Water 
Administrations of republic of Albania and tissues were imported to Turkey with CITES permission 
(Tr180110/35/001). The analysis was funded by the university of Adnan Menderes-Department of 
Biology, Turkey. The sampling was conducted within the framework of the project “Monitoring and 
Conservation of Important Sea Turtle Feeding Grounds in the Patok Area of Albania, 2008-2010”. 
The project was funded by MEDASSET, the Global Environment Facility’s Small Grant Programme 
(GEF/SGP), the regional Activity Centre for Specially Protected Areas (rAC/SPA), the united 
Nations Environment Programme Mediterranean Action Plan (uNEP/MAP), the British Chelonia 
Group (BCG), the J.F. Costopoulos Foundation (Greece), the Spear Charitable Trust (uK) and the 
Panton Trust (uK). The authors would like to thank Bryan Wallace for his valuable comments and 
linguistic review of earlier version of the paper.
160 C. Yilmaz et al.
Ta
bl
e 
2.
 H
ap
lo
ty
pe
 fr
eq
ue
nc
ie
s i
n 
th
e 
M
ed
ite
rr
an
ea
n 
th
at
 re
pr
es
en
t p
os
sib
le
 so
ur
ce
 p
op
ul
at
io
ns
 fo
r t
he
 lo
gg
er
he
ad
s f
or
ag
in
g 
in
 D
rin
i B
ay
, A
lb
an
ia
.
Sa
m
pl
in
g 
sit
e
N
H
ap
lo
ty
pe
s (
%
)
So
ur
ce
CC
-A
2
CC
-A
3
CC
-A
6
CC
-A
10
CC
-A
13
CC
-A
20
CC
-A
29
CC
-A
31
CC
-A
32
CC
-A
43
CC
-A
52
CC
-A
53
CC
-A
3.
2
Za
ky
nt
ho
s
20
85
-
5
-
-
-
-
-
10
-
-
-
-
Ca
rr
er
as
 e
t a
l.,
 2
00
7
Ky
pa
ris
sia
21
90
-
10
-
-
-
-
-
-
-
-
-
-
En
ca
la
da
 e
t a
l.,
 1
99
8
La
ko
ni
ko
s
19
95
-
5
-
-
-
-
-
-
-
-
-
-
Ca
rr
er
as
 e
t a
l.,
 2
00
7
G
re
ec
e
10
90
-
-
10
-
-
-
-
-
-
-
-
-
La
ur
en
t e
t a
l.,
 1
99
8
Cr
et
e
19
10
0
-
-
-
-
-
-
-
-
-
-
-
-
Ca
rr
er
as
 e
t a
l.,
 2
00
7
Cy
pr
us
10
10
0
-
-
-
-
-
-
-
-
-
-
-
-
Ca
rr
er
as
 e
t a
l.,
 2
00
7
Cy
pr
us
35
10
0
-
-
-
-
-
-
-
-
-
-
-
-
En
ca
la
da
 e
t a
l.,
 1
99
8
Le
ba
no
n
9
10
0
-
-
-
-
-
-
-
-
-
-
-
-
Ca
rr
er
as
 e
t a
l.,
 2
00
7
Is
ra
el
19
84
-
-
-
-
-
16
-
-
-
-
-
-
Ca
rr
er
as
 e
t a
l.,
 2
00
7
W
es
te
rn
 T
ur
ke
y
16
94
6
-
-
-
-
-
-
-
-
-
-
-
Ca
rr
er
as
 e
t a
l.,
 2
00
7
Ea
ste
rn
 T
ur
ke
y
32
59
41
-
-
-
-
-
-
-
-
-
-
-
La
ur
en
t e
t a
l.,
 1
99
8
Ca
la
br
ia
47
59
.6
-
-
-
-
36
.2
-
4.
2
-
-
-
-
-
G
ar
af
al
o 
et
 a
l. 
20
09
D
al
ya
n
40
62
.5
37
.5
-
-
-
-
-
-
-
-
-
-
-
Yı
lm
az
 e
t a
l. 
20
11
D
al
am
an
20
25
75
-
-
-
-
-
-
-
-
-
-
-
Yı
lm
az
 e
t a
l. 
20
11
W
Tr
76
78
.9
5
21
.0
5
-
-
-
-
-
-
-
-
-
-
-
Yı
lm
az
 e
t a
l. 
20
11
M
Tr
48
95
.8
3
-
-
-
2.
08
3
-
-
-
-
-
-
2.
08
3
-
Yı
lm
az
 e
t a
l. 
20
11
ET
r
72
83
.3
3
11
.1
1
-
-
-
-
-
-
-
1.
39
1.
39
1.
39
1.
39
Yı
lm
az
 e
t a
l. 
20
11
161New haplotypes in the Loggerhead turtles foraging at Drini Bay
rEFErENCES
Abreu-Grobois, F., Horrocks, J., Formia, A., Leroux, r., Velez-Zuazo, X., Dutton, P., 
Soares, L., Meylan, P., Browne, D. (2006): New mtDNA D-loop primers which work 
for a variety of marine turtle species may increase the resolution capacity of mixed 
stock analysis. In: 26th Annual Symposium on Sea Turtle Biology and Conservation, 
Crete, p. 179. Frick, M., Panagopoulou, A., Williams, K., Eds, Crete.
Bolten, A.B., Balazs, G.H. (1995): Biology of early pelagic stage: the “lost year”. In: Biology 
and Conservation of Sea Turtles, revised edition, pp. 575-581. Bjorndal, K.A., Ed, 
Washington D.C., uSA. 
Bolten, A.B., Bjorndal, K.A., Martins, H.r., Dellinger, T., Biscoito, M.J., Encalada, S.E., 
Bowen, B.W. (1998): Transatlantic developmental migrations of loggerhead sea tur-
tles demonstrated by mtDNA sequence analysis. Ecol. Appl. 8: 1-7.
Bolten, A.B. (1999): Techniques for measuring turtles. In: research and Management 
Techniques for the Conservation of Sea Turtles, pp. 110-114. Eckert, K.L., Bjorn-
dal, K.A., Abreu-Grobois, F.A., Donnelly, Eds, IuCN Marine Turtle Specialist Group 
Publication No: 4.
Bolten, A.B. (2003): Active swimmers-passive drifters: the oceanic juvenile stage of log-
gerheads in the Atlantic system. In: Loggerhead Sea Turtles, pp. 63-78. Bolten, A.B., 
Witherington, B.E., Eds, Smithsonian Books, Washington D.C.
Bowen, B.W., Bass, A.L., Chow, S.-M., Bostrom, M., Bjorndal, K.A., Bolten, A.B., Okuy-
ama, T., Bolker, B.M., Epperly, S., Lacasella, E., Shaver, D., Dodd, M. Hopkins-Mur-
phy, S.r., Musick, J.A., Swingle, M., rankin-Baransky, K., Teas, W., Witzell, W., Dut-
ton, P.H. (2004): Natal homing in juvenile loggerheads (Caretta caretta). Mol. Ecol. 
13: 3797-3808.
Carreras, C., Pont, S., Maffucci, F., Pascual, M., Barcelo, A., Bentivegna, F., Cardona, L., 
Alegre, F., SanFelix, M., Fernandez, G., Aguilar, A. (2006): Genetic structuring of 
immature loggerhead sea turtles (Caretta caretta) in the Mediterranean Sea reflects 
water circulation patterns. Mar. Biol. 149: 1269-1279.
Carreras, C., Pascual, M., Cardona, L., Aguilar, A., Margaritoulis, D., rees, A., Türko-
zan, O., Levy, Y., Gashith, A., Aureggi, M., Khalil, M. (2007): The genetic structure 
of the loggerhead sea turtle (Caretta caretta) in the Mediterranean as revealed by 
nuclear and mitochondrial DNA and its conservation implications. Cons. Gen. 8: 
761-775. 
Encalada, S.E., Bjorndal, K.A., Bolten, A.B., Zurita, C.J., Schroeder, B., Possardt, E., Sears, 
C.J., Bowen, B.W. (1998): Population structure of loggerhead turtle (Caretta caretta) 
nesting colonies in the Atlantic and Mediterranean as inferred from mitochondrial 
DNA control region sequences. Mar. Biol. 130: 567-575.
Garofalo, L., Mingozzi, T., Mico, A., Novelletto, A. (2009): Loggerhead turtle (Caretta 
caretta) matrilines in the Mediterranean: further evidence of genetic diversity and 
connectivity. Mar. Biol. 156: 2085-2095.
Garofalo, L. (2010): “The Genetics of the loggerhead turtle (Caretta caretta) in Italy: from 
scientific data to public knowledge” - PhD Thesis. università Tor Vergata, roma.
Hall, T.A. (1999): Bioedit: a user friendly biological sequence aligment editor and analysis 
programme for Windows 95/98/NT. Nucleic Acids Symp. Ser. 41: 95-98.
162 C. Yilmaz et al.
Hillis, D.M., Moritz, C., Mable, B.K. (Eds) (1996): Molecular Systematics 2nd Edition Sin-
auer Associates, Sunderland, MA.
Laurent, L., Casale, P., Bradai, M.N., Godley, B.J., Gerosa, G., Broderick, A.C., Schroth, W., 
Schierwater, B., Levy, A.M., Freggi, D., Abd El-Mawla, E.M., Hadoud, D.A., Goma-
ti, H.E., Domingo, M., Hadjichristophorou, M., Kornaraky, L., Demirayak, F., Gau-
tier, C. (1998): Molecular resolution of marine turtle stock composition in fishery 
bycatch: a case study in the Mediterranean. Mol. Ecol. 7: 1529-1542.
Lazar, B., Margaritoulis, D., Tvrtkovic N. (2004): Tag recoveries of the loggerhead sea tur-
tle Caretta caretta in the eastern Adriatic Sea: implications for conservation. J. Mar. 
Biol. Assoc. uK  84: 475-480.
McClellan, M.C., read, A.J. (2007): Complexity and variation in loggerhead sea turtle life 
history. Biol. Lett. 3: 592-594.
White, M., Boura, L., Venizelos, L. (2011): MEDASSET’s three‐year project: Monitoring an 
important sea turtle foraging ground at Patok, Albania. MTN in press
Yılmaz, C., Türkozan, O., Bardakcı, F. (2011): Genetic Structure of Loggerhead Turtle 
(Caretta caretta) Populations in Turkey. Biochem. Syst. Ecol. 39: 266-276.
